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SPECIFICATION 



1 . Title of the Invention 

Golf club with built-in accelerometer 

2. Scope of Patent Claims 

1) A golf club with the following features: It is a golf club in which the shaft contains two uniaxial accelerometers 
set in a vertical plane and one other uniaxial accelerometer set in the head at right angles to the other two. 

2) A golf club or device having a function that calculates head speed from biaxial speed data obtained by integrating 
two orthogonal sets of acceleration readings in the golf club described in section 1). 

3) A golf club or device that has a function that calculates the rotation angle of the shaft from the output of two 
uniaxial accelerometers in a golf club. 

4) A golf club or device that has a function that calculates the speed of the golf club head from the biaxial speed 
component obtained by integrating the signals of the two orthogonal accelerometers in the golf club described in 
section 1). 

5) A golf club or device that has a function that calculates the position of the impact point of the ball when the ball is 
struck based on signals from three accelerometers in the golf club described in section 1). 

6) A golf club or device that has a function that displays the results of the calculations described in sections 2) 
through 5). 

7) A golf club that is equipped with a function that transmits the sensor signal described in section 1) as a low- 
intensity radio wave. 

8) A device equipped with one or more of the items described in sections 2) through 6) that receive the low-intensity 
radio waves described in section 7). 

3. Detailed Description of the Invention 
Industrial fields of use 

Golf is a widely and generally enjoyed sport and many people, professionals and amateurs alike are making 
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efforts to improve their game. This invention focuses on the fact that the movement of the club head during the 
swing and its subsequent impact are the most direct of all of the factors that determine the trajectory taken by the 
ball as it flies after the club has been swung and the ball has been struck, and that by providing a golf club and 
related devices that can measure the mechanical movement of the golf club heat and display the measurement data 
to the golf player, that the golf player would be able to have a scientific understanding of the movement of the golf 
club head on impact and during the swing and, as a result, would make it possible to improve his or her performance 
logically. 
Prior art 

There have been various types of concepts presented as tools for practicing and getting better at golf and among 
these have been some, as described below, that measure the movement of the club head during the swing and upon 
impact and allow the golfer to know the results of those measurements. 

In one of these, a mechanical clutch mechanism is embedded in the golf club and a specific golf club head 
speed is set in advance so that when the club is swung in excess of that set speed, centrifugal force causes the clutch 
to disengage, notifying the golfer that the club was swung so that the head speed exceeded the speed setting. 

Another device that allows more quantified data to be known employs a configuration in which two or more 
sensors, are placed on the ground at a specific distance and when the golf club head passes by them, the sensors 
positioned at the two points on the ground detect that the golf club head has passed by and they calculate the speed 
of the golf club from the detected time interval. Another involves multiple sensors placed on the ground that detect 
when the golf club head passes by, allowing the general path of motion of the golf club head to be known. 

[Problems that the invention attempts to solve] 

Drawbacks with these traditional technologies include the fact that, out of all of the mechanical factors that 
determine the trajectory of the flight path of the golf ball after impact, only a very small part of the data during the 
swing that was needed to correct one's swing could be measured. If one excludes wind direction, the physical 
properties of the ball, the material, weight, etc. of the golf club head, then the factors that determine the trajectory of 
the golf ball's flight after a stationary golf ball has been struck by a golf club head would include those shown 
below. 

(1) Speed of the golf club head when the golf ball is struck, 

(2) Inclination of the golf club head when the golf ball is struck, 

(3) Direction of movement of the golf club head when the golf ball is struck and 

(4) Position of the golf ball on the surface of the golf club head on impact. 

If the wind direction and other environmental factors are constant, then when the same golf ball is struck using 
the same golf club, then the four mechanical factors listed above will be based on the maimer of the swing, which 
will determine the path of motion of the ball. If these can be measured during the swing and on impact, then the 
strengths and weaknesses of the swing can be determined. One of the features of this invention is that it provides a 
means of measuring the parameters that serve as these mechanical factors. 

Another feature of this invention is that, when the golf club head strikes the golf ball, is that it not only 
measures the kinetic data described above, it also measures various dynamic factors while the golfer is in the process 
of swinging the golf club. Because these dynamic factors are measured during the swing, the golfer can be shown 
how far the movement of the club head is from the desired state and at what point during the swing it occurred. This 
provides a lot of convenience for improving the player's swing. 
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[Means for solving the problems] 

It is known that if the golf club head is considered a rigid body and the triaxial acceleration and the rotation 
moment applied to the golf club head are known, then its trajectory can be described. Therefore, if we measure all 
instances of the acceleration and rotation moment during a swing and impact, it will be possible to obtain the 
dynamic factor data described in the four items above. However, doing so requires the use of six sensors for 
measurements, and the use of six sensors would not be a realistically economical method. 

This invention provides a method for obtaining the dynamic factor data described in the four items above using 
just three accelerometers. Below we will explain the method for detecting the dynamic factor data using this 
invention. 

Figure 1 shows the path of the club head during a golf swing. The "1" is the golf club, the "2" is the golf club 
head. During the swing, the golf club head can be considered as describing an ellipse with the longitudinal radius R 
3-4 around the center of rotation "3." The three points of the position of the ball "4" and the position "5" of the golf 
club head at the top of the swing and this center of rotation "3" form a plane. We will define the straight line that 
joins the center of rotation "3" and the position of the ball "4" as the Z axis 13, the straight line that cross the plane 
at a right angle to the Z axis from the center of rotation "3" as the X axis 1 1 and the straight line that crosses the X 
and Z axes at right angles from the center of rotation "3" as the Y axis 12. We will define the orthogonal axes that 
are fixed in place on the golf club head as the i axis 6, which is a vertical line going down the face of the golf club 
head from the center of gravity of the head 2, the j axis 8, which is parallel to the central axis of the golf club head 
and the k axis 7, which intersects the i and j axes at right angles. Here, the angle formed by the radius of rotation 10 
of the arc 9 of the ellipse and the k axis as '>." If we consider that the radius of rotation 10 forms an elliptical 
cylinder with the Y axis as the central axis, then the golf club head 2 can be imagined as traveling over the surface 
of this elliptical cylinder. Figure 2 shows part of this elliptical cylinder expanded. If we define the orientation of the 
arc 9, 14 in Figure 1 as the x axis, the ball position 4 as the origin and the axis 15 on the elliptical cylinder that 
crosses the x axis from the origin 4 at a right angle as the y axis, and the direction that is perpendicular to the surface 
of this elliptical cylinder as the z axis 13, then the golf club head travels over the flat plane x - y. An example of the 
curve of that path is shown in Figure 2, in which "22" indicates the motion of the head when the club is retracted 
and "23" indicates the motion of the head during the down swing. 

As shown in Figure 1, the straight lines that joins the direction of the shaft with the center "3" of rotation of the 
golf club head with the center of gravity "16" of the golf club head forms the angle Here, \j/ can be considered to 
be approximately equal to zero. The two sensors Sil (35) and Si2 (36), which detect the acceleration in the i 
direction with respect to the center of gravity of the golf club head in Figure 3 are built into the club, separated by a 
certain distance, and the sensor Sj (37), which detects acceleration in the j direction, is also built into the club. When 
external force F (33) and rotational torque T (34) are applied to this golf club head, the acceleration ax and ay, 
which act on the golf club head in the x and y direction (31) and (32) can be calculated using the formula below, 





Here, "M" is the mass of the golf club head, Aai = ail 
- ai2, 11 and 12 are constants and 9 and the (+) symbol 
in the formula is used to distinguish between the times 
that 9 is positive and 9 is negative. 

The speed component of the golf club head in the 
x and y directions can be given with the following 
formula. 






The speed in the plane of the golf club head's elliptical 
coordinates, Vx and Vy, can be given using the 
following formula. 


V m J V x * + V y 2 


« . t.„- -5- 


Next, the orbital angle of the golf club head can be 
obtained with the equation on the left. 
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Also, the angle of the face can be calculated as at right. 




However, when swinging the golf club, and the club is drawn or taken back, the rotation around the central axis 
of the golf club shaft increases uniformly and conversely, during the down swing, it is decreased uniformly in the 
opposite direction. At the top of the swing, the polarity reverses, so if we define the "take back" starting point as tO, 
the "top of swing" finishing point as 


tl, and the down swing finishing point as t2, then the 
rotation angle around the golf club shaft axis can be 
given using the following formula. 





ill, if the angle formed by the direction of the swing and the perpendicular 
s taken to be zero, then the face angle 8 upon impact from the swing can be 



When the golfer addresses the 1 
direction of the face of the golf club 
given using the following formula. 

Next, we will describe the motion at the point of impact between the ball and head. Figure 4 shows a model of 
the motion before and after impact between the golf club head 2 and the golf ball 46. Figure 4-(a) shows the motion 
of the golf ball and the golf club head immediately before impact, Figure 4-(b) is the point of impact and Figure 4- 
(c) shows the moment immediately after impact. The amount of movement of the golf ball and the golf club head 
immediately before and 



after impact as well as the impact point y imp (43) for the 
ball from the rotation relative to the z axis can be given 
with the following formula. 



6-&t 



Here, Iz is the inertia moment of the club head associated with the z axis, VI (41) and V2 (44) are the speed of 
the head before and after the impact of the ball and head and At is the impact time between the ball and the head. 

It is clear that the formulas shown above can be used to calculate the four parameters that determine the 
trajectory of the ball when it is struck during the golf club swing, using the three accelerometers built into the golf 
club head. 



[Embodiments] 

We will describe a sample embodiment using a specific implementation. 

Figure 5 shows a configuration diagram. SI (50), S2 (51), S3 (52) indicate the three speed sensors; Al (53), A2 
(54) and A3 (55) indicate the amplifiers; Dl (56), D2 (57), and D3 (58) indicate the respective analog digital 
converters that convert the analog output voltage into digital signals. Next, CPU (59) indicates a microprocessor, PI 
(60), P2 (61) and P3 (62) indicate a numeric display and SI (63) indicates a switch. Strain gauge-type 
accelerometers, pressure element type accelerometers, semiconductor piezoelectric accelerometers and the like 
normally serve as accelerometer. Here we have used semiconductor accelerometers because they can be made 
compact, they can serve as an overload countermeasure, they have a high response frequency and they can be mass 
produced. 

The signals from the sensors SI, S2, and S3 pass through their respective amplifiers Al, A2 and A3 where they 
are amplified and then converted into digital signals in their respective analog digital converters Dl, D2 and D3. 
These digitized signals go into a computer. These digitized signals go through a microprocessor where the values 
described above are calculated, using the formulas already disclosed above. 

These values are then displayed on a numeric display. At this point, the switch SI is used as a "start of swing" 
switch. 

Figure 6 shows an example of a connection to an external computer. Sensor output from SI through S3 is 
amplified in the amplifiers Al through A3. These output signals pass through a cable and into the interface circuit of 
the external computer before going into the analog digital converter circuits Dl through D3 and then into the 
computer CPU (64). 

The calculations described above are performed by the CPU and resulting parameters are displayed on the CRT 

(65). 

Figure 7 is a diagram showing the values for the club head during the swing, which were calculated according 
to the formulas described above and shown on the CRT display. 
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Figure 7(a) is a diagram showing the path of the golf club head on the x-y coordinates described above. In that 
figure, (20) indicates the back swing and (23) indicates the downward swing. By looking at this curve, the golfer can 
learn the movement of the head while the golfer swings, making it possible to correct the motion of his or her own 
golf club head. From there, it will be possible to know if the golf club head is striking the ball the inside out on 
impact or striking the ball outside in. 

Figure 7(b) shows changes in the angle of the golf club face surface. 

This makes the face angle clear during the swing and immediately before impact. 

Figure 7(c) shows the changes in the golf club head speed during the swing. 

Additionally, Figure 7(d) shows where the ball strikes the surface of the face of the golf club head. As another 
embodiment of this invention you could transmit low-intensity radio waves from signals in the golf club head to be 
received wirelessly by a nearby receiver and, after these signals had been subjected to the signal processing 
described above, the data described above could be displayed on the CRT. With this invention, factors that 
determine the flight of the ball such as the speed of the golf club head during the swing, the inclination of the face of 
the golf club head and the direction of motion of the golf club head, can be measured during the swing and shown to 
the player, making it possible to practice while receiving data that is much more scientific and rational than with 
previous methods. Also, by being able to work on practicing while learning scientific data makes the amount of 
satisfaction to be had even greater. Thus, there is a significant amount of value, including industrially, that this sort 
of technology offers to society. 

4. Brief Description of the Drawings 

Figure 1 is a coordinate system that shows the path of the golf club head when the golf club is swung. Figure 2 
is a diagram showing the path of the golf club head over the x, y coordinates shown in Figure 1 . 

Figure 3 is a figure showing the position of the accelerometer inside the golf club head, the external force and 
the rotation moment of the external force. 

Figure 4 is a diagram showing a golf ball and the motion of the golf club head before and after striking the ball; 
Figure 5 is a drawing of the built-in accelerometer, circuit module, computer and display that would be mounted in a 
golf club. Figure 6 shows a diagram in which the output from the accelerometers and amplifiers built into a golf club 
is connected to an external computer. Figure 7 is a diagram showing a data sample produced by this invention. 

(1) Golf club shaft 

(2) Golf club head 

(3) Center of golf club swing 

(4) Position of golf ball's center of gravity 

(5) Position of golf club head's center of gravity at top of swing 

(6) The i axis proceeds perpendicularly downward from the gold club head's center of gravity across the face of the 
golf club head and is fixed in place at the golf club head. 

(7) The k axis is a straight line that is parallel to the shaft from the golf club head's center of gravity and is fixed in 
place at the golf club head. 

(8) The j axis is a straight line from the golf club head's center of gravity that crosses the i and k axes at right 
angles and is fixed in place at the golf club head. 

(9) The part of the ellipse formed by the following three points: The long axis is the linear distance joining the 
center of the golf club swing and the center of the golf ball on the plane formed by the center of gravity of the golf 
ball, the center of gravity of the golf club head at the top of the swing and the center of the golf club swing, when the 
golf club is swung. 

(10) The straight line joining the center of the golf club swing and the golf club head's center of gravity. 

(11) The x axis is the straight line joining (3) and (4) where the straight line crosses the plane formed by (3), (4) and 
(5) and is fixed to the ground. 

(12) The y axis is the straight line drawn from perpendicularly from (3) in the plane formed by (3), (4) and (5). 

(13) The z axis is the straight line that crosses the x and y axes at right angles. 

(14) The x axis is the curve drawn from (4) along (9). 

(15) The y axis is the straight line from (4) at a right angle to (14) and perpendicular to the plane formed by (3), (4) 
and (5). 

(16) Golf club head's center of gravity 

(20) Path of head's center of gravity on the coordinates x-y during the back swing. 

(21) Path of head's center of gravity on the coordinates x-y during the down swing. 
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(22) Path of head's center of gravity on the coordinates x-y during the back swing. 

(23) Transition direction of the head's center of gravity on the coordinates x-y during the down swing. 

(31) The x' axis is the straight line that is parallel to (9) or (14) and drawn from the golf club head's center of 
gravity. 

(32) The y' axis is a straight line that is perpendicular to (31) on the x-y plane from the golf club head's center of 
gravity. 

(33) The external force "F" that is applied to the golf club head. 

(34) The rotation moment "T" that is applied to the golf club head. 

(35) Sil is the sensor that detects acceleration in the direction parallel to (6). 

(36) Si2 is the sensor that detects acceleration in the direction parallel to (6) and whose coordinates on the axis (7) 
are the same as the coordinates on the axes (35) and (6). 

(37) Sj is the sensor that detects acceleration that is parallel to (7). 

(38) The acceleration detected by the sensor (35). 

(39) The acceleration detected by the sensor (36). 

(40) The acceleration detected by the sensor (37). 

(41) The speed of the golf club head immediately before impact. 

(42) The force from the golf ball that acts on the golf club head on impact. 

(43) The distance y mp from the center of the shaft to the point of impact upon impact. 

(44) The golf club head immediately after impact. 

(45) The speed of the golf ball immediately after impact. 

(46) Indicates the ball before and after impact. 

(50) Acceleration sensor 

(51) Acceleration sensor 

(52) Acceleration sensor 

(53) Converter 

(54) Converter 

(55) Converter 

(56) Interface with ADC and microcomputer 

(57) Interface with ADC and microcomputer 

(58) Interface with ADC and microcomputer 

(59) Microcomputer system 

(60) Display unit 

(61) Display unit 

(62) Display unit 

(63) Start switch 

(64) Computer system 

(65) Display system 

(70) Scale showing 9 angle 

(71) 9 angle curve during back swing 

(72) 9 angle curve during down swing 

(73) Scale showing the golf club head speed 

(74) Curve showing golf club head speed during back swing 

(75) Curve showing golf club head speed during down swing 
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Patent Applicant: Kubotech Co. Ltd. 




Figure 2 




Figure 4 
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Figure 7 
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